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Preface

Each year, Ernest Orlando Lawrence Berkeley National Laboratory (Berkeley Lab)
prepares an integrated report on its environmental programs to satisfy the requirements of
United States Department of Energy Order 231.1. The Site Environmental Report for
2000 is intended to summarize Berkeley Lab’s compliance with environmental standards
and requirements, characterize environmental management efforts through surveillance
and monitoring activities, and highlight significant programs and efforts for calendar year
2000.

The report is separated into two volumes. Volume I contains a general overview of
the Laboratory, the status of environmental programs, and summary results from
surveillance and monitoring activities. Each chapter in Volume I begins with an outline
of the sections that follow, including any tables or figures found in the chapter. Readers
should use section numbers (e.g., §1.5) as navigational tools to find topics of interest in
either the printed or the electronic version of the report. Volume II contains the individual
data results from monitoring programs. Although a printed version of Volume II is not
part of the report’s initial distribution, it is available on request (see below).

The report follows the Laboratory’s policy of using the International System of Units
(SI) or metric system of measurements. Whenever possible, results are also reported
using the more conventional inch-pound system of measurements because this system is
referenced by some current regulatory standards and may be more familiar to some
readers. The tables included at the end of the Glossary are intended to help readers
understand the various prefixes used with SI units of measurement and convert these
units from one system to the other.

This report was prepared under the direction of Michael Ruggieri of the
Environmental Services Group. Robert Fox, Iraj Javandel, Ginny Lackner, Michael
Ruggieri, Patrick Thorson, and Linnea Wahl are the primary authors of the report. Other
key contributors of programmatic information include David Baskin, Nancy Rothermich,
and Steve Wyrick. We also wish to thank Teresa Grossman, who provided word
processing and illustration support to the Environmental Services Group.

This report was prepared through Berkeley Lab’s Technical and Electronic
Information Department. Julie McCullough managed technical editing, design, and
production of the report, assisted by Theresa Duque (technical editing), Jean Wolslegel
(composition), and Flavio Robles, Jr. (illustration).

Copies of the report are available from the Berkeley Lab Environmental Services
home page (http://www.lbl.gov/ehs/epg/html/env_protection.htm) or Michael Ruggieri
(telephone: (510) 486-5440; e-mail: mrruggieri@lbl.gov).
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§1.1 I. INTRODUCTION

The mission of Ernest Orlando Lawrence Berkeley National Laboratory (Berkeley
Lab) is to continue the long tradition of outstanding research that has made it a premier
national and international multiprogram laboratory. In order to provide the highest degree
of protection for the public and the environment, Berkeley Lab employs Integrated Safety
Management (ISM). ISM is a comprehensive Department of Energy management system
that involves five core functions that are applied at all levels of the Laboratory (work
planning, hazard and risk analysis, establishment of controls, work performance, and
feedback and improvement). Laboratory activities are planned and conducted with full
regard to protecting the public and the environment and complying with appropriate
environmental laws and regulations. Both radiological and nonradiological activities are
thoroughly monitored to assess their potential impact on public health and the
environment.

Published annually, this Site Environmental Report covers activities for calendar
year (CY) 2000. Volume I summarizes environmental protection performance and
environmental monitoring activities. Volume II contains individual analytical data
summarized in the first volume. Volume II is available on request (for details, see
Preface).
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Data are presented in the report using the International System of Units measuring
system, more commonly referred to as the metric system. For the convenience of readers,
both volumes of this report can be accessed on the Web from the Berkeley Lab
Environmental Protection home page, which is located at http://www.lbl.gov/ehs/epg/
html/env_protection.htm. Readers are encouraged to comment on this report by
completing (a) the survey card included with the distributed hard copy or (b) the survey
form in the Web version of this report. The format and content of this report satisfy the
requirements of United States Department of Energy (DOE) Order 231.1, Environment,
Safety and Health Reporting,1 and the operating contract between the University of
California Office of the President (UCOP) and DOE.2

§1.2 II. ENVIRONMENTAL PERMITS, INSPECTIONS, INCIDENT
TRACKING, AND PERFORMANCE EVALUATION

Berkeley Lab’s environmental program involves operating permits, inspections,
incident tracking, performance evaluation, and environmental monitoring. The first four
items are summarized in §§1.3–1.6. Environmental monitoring is summarized in §§1.7–
1.9.

§1.3 A. Permits

At the end of 2000, Berkeley Lab held 23 environmental operating permits from
various regulatory agencies:

•  Air emission sources (8);
•  Hazardous waste handling and treatment operations (2);
•  Stormwater discharges (1);
•  Underground storage tanks (8); and
•  Wastewater discharges (4).

For further discussion of these permits, see Chapter 3.

§1.4 B. Inspections

Twenty-four inspections of Berkeley Lab’s environmental programs occurred during
calendar year 2000. Nineteen violations were issued by regulatory agencies and all of
them resulted from one inspection by the California Department of Health Services
(DHS) of the Medical Waste Program in July. The DHS described these violations as
“minor or housekeeping issues.” A summary of the inspections is provided in Table 3-2.
For more details on the DHS inspection of the Medical Waste Program, see §3.19.

§1.5 C. Incident Tracking

There were no environmental incidents at Berkeley Lab reportable to DOE under its
occurrence-reporting program.
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§1.6 D. Performance Evaluation

Each year, UCOP and DOE perform an assessment of Berkeley Lab’s environmental
program, using measures developed jointly by Berkeley Lab, UCOP, and DOE.3 In 2000,
there were nine environmental performance measures:

Table 1-1 Environmental Performance Measure Ratings for 2000

Performance measure UCOP rating DOE rating

1) Radiation protection of the public and the environment Excellent Excellent

2) Tracking environmental incidents Marginal Marginal

3) Waste reduction and recycling Outstanding Outstanding

4) Integrated Safety Management Program Outstanding Excellent

5) Waste management commitments Outstanding Outstanding

6) Program innovation in waste management and
environmental restoration

Outstanding Outstanding

7) Environmental restoration release site completions Outstanding Outstanding

8) Cost and schedule variance for environmental restoration
activities

Outstanding Outstanding

9) Cost variance for waste management activities Outstanding Outstanding

From UCOP, Berkeley Lab received ratings of “outstanding” on performance measures
3–9, “excellent” on performance measure 1, and “marginal” on performance measure 2.
From DOE, Berkeley Lab received ratings of “outstanding” on performance measures 3
and 5–9, “excellent” on performance measures 1 and 4, and “marginal” on performance
measure 2. Both DOE and UCOP gave Berkeley Lab a “marginal” rating for performance
measure 2 (“tracking environmental incidents”) because of 19 minor violations cited by
DHS during its July inspection of Berkeley Lab’s Medical Waste Program. For additional
information on the DHS inspection of the Medical Waste Program, see §3.19. For
additional information on the performance review program, see §3.29.

§1.7 III. ENVIRONMENTAL MONITORING

Berkeley Lab’s environmental monitoring program serves several purposes:
•  To demonstrate that Laboratory activities operate within regulatory and DOE

requirements;
•  To provide a historical record of measured changes in the environment; and
•  To support environmental management decisions.

Both radiological and nonradiological contaminants are monitored in the local
environment.4 Below are brief summaries of environmental measurements taken in CY
2000.
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§1.8 A. Radiological Monitoring

A significant portion of the environmental monitoring program measures
radiological impacts from Laboratory activities. The Laboratory monitors two types of
radiation: (1) penetrating radiation from sources such as accelerators and (2) dispersible
radionuclides from a wide range of Laboratory research activities. Specially designed
shielding blocks are in place to reduce the release of penetrating radiation into the
environment, and capture systems are used to minimize releases of dispersable
radionuclides to the atmosphere. Discharges to the sanitary sewer are minimized by using
strict administrative controls.

The primary radiological compliance standards affecting the Laboratory are based on
the maximum potential dose that a member of the public would receive from both direct
penetrating radiation and dispersible radionuclides from the site. For CY 2000, this
maximum annual dose to an individual was determined to be 0.003 millisieverts (mSv)
(0.3 millirem [mrem]) or only about 0.3% of the applicable DOE radiological standard of
1 mSv/yr (100 mrem/yr).5 This estimate is also about 0.1% of the naturally occurring
background radiation in the Bay Area. The estimate for background radiation in the Bay
Area is 2.6 mSv/yr (260 mrem/yr).6 Figure 1-1 shows that Berkeley Lab is a minor
contributor to the dose received by a typical member of the public from all contributing
sources of radiation (i.e., natural terrestrial background, medical, and consumer
products). Berkeley Lab also estimates the cumulative dose impact (collective population
dose) from its penetrating and dispersible radiological activities to the entire population
found within an 80-kilometer (50-mile) radius of the Laboratory. This measure is the sum
of all individual doses (i.e., ranging from a maximum of 0.003 mSv near the site
boundary to essentially 0 mSv at an 80-kilometer distance) within the specified region.
The collective population dose for 2000 was estimated at 0.008 person-Sv (0.8 person-
rem) or about 0.00006% of the dose that the population within this region received from
background radiation. No regulatory standard exists for this measure. For further

Natural Background Sources
2.6 mSv (79.5%)

Medical
0.54 mSv (16.5%)

Consumer Products
0.1 mSv (3.1%)

Other
0.02 mSv (0.6%)  

Berkeley Lab
0.003 mSv (0.1%)

1 mSv = 100 mrem

Figure 1-1 Typical Radiation Doses Received by Public, Including Maximum
Contribution from Berkeley Lab
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discussion of the estimated dose impacts to the neighboring community from both direct
and dispersible radiation, see Chapter 9.

Dispersible radionuclide emission sources are regulated by the United States
Environmental Protection Agency (US/EPA). US/EPA has set 0.1 mSv/yr (10 mrem/yr)7

as the maximum allowable dose to the public from all exposure pathways (e.g.,
inhalation, ingestion) resulting from airborne releases of radionuclides from a site. The
estimated maximum potential dose from all airborne radionuclides released from the
Laboratory site in 2000 was about 0.001 mSv (0.1 mrem), with tritium accounting for
about 64% of that amount. This dose is about 30% of Berkeley Lab’s total maximum
dose to the public for both penetrating radiation and dispersable radionuclides.

§1.9 B. Nonradiological Monitoring

Berkeley Lab’s nonradiological monitoring program focuses primarily on water,
soil, and sediment.

In compliance with the four wastewater discharge permits8 issued to the Laboratory
by the East Bay Municipal Utility District (EBMUD), Berkeley Lab samples for metals,
chlorinated hydrocarbons, and other specified parameters in sanitary sewer discharges.
All results were well within compliance limits this year. For details on the wastewater
discharge-sampling program, see Chapter 5.

Stormwater discharges at Berkeley Lab are regulated under a general permit9 issued
by the State Water Resources Control Board. Stormwater discharges are treated
differently from wastewater in that no specific discharge limits are cited in the permit.
References in the permit to the Water Quality Control Plan (Basin Plan)10 for the
San Francisco Bay Basin are intended as guidelines rather than measures of compliance
for stormwater discharges. Berkeley Lab analyzes stormwater samples for a wide set of
potential contaminants, including pH, oil and grease, total suspended solids, and metals.
All results for the year were below or near sample detection limits. For the results from
stormwater sampling efforts throughout the year (along with the results from the
sampling of rainwater, creeks, and lakes), see Chapter 5.

Extensive groundwater monitoring has been conducted by Berkeley Lab since the
early 1990s, and nine groundwater plumes have been identified. These plumes are all on-
site. The groundwater in the vicinity of the Laboratory is not used for public drinking
water. There are four types of plume contaminants:

•  Volatile organic compounds (five plumes);
•  Petroleum hydrocarbon (two plumes);
•  Freon (one plume); and
•  Tritium (one plume).

The Laboratory has nearly completed characterizing these plumes and is developing
long-term strategies to address the contamination. Until the Laboratory can implement
these strategies, it has initiated several interim corrective action measures to remediate
the contaminated media or prevent movement of contamination. Concentrations of
contaminants are reported to regulatory agencies quarterly, along with other program
developments and planned activities. For further information, see Chapter 6.
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The soil and sediment monitoring program analyzes samples for metals, pH, and
organic compounds at locations that complement sampling in other media such as air and
surface water. Similar to results reported for other programs, most samples were below or
near analytical detection limits. The exception was for oil and grease samples collected
near roadway or parking lots and some metal concentrations that were slightly above
normal background ranges. In all instances, measured levels of contaminants did not
exceed any regulatory limits. The levels of oil and grease measured at Berkeley Lab are
typical for an urban setting, and the levels of metals are probably because of the presence
of items such as pressure-treated wood and galvanized iron fences. However, Berkeley
Lab will continue to monitor these locations. For more on Berkeley Lab’s impact on soil
and sediment, see Chapter 7.
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Figure 2-3 Adjacent Land Use

Berkeley Lab research and support activities are conducted in structures having a total
area of 190,000 gross square meters (2.05-million gross square feet). Eighty-five percent
of this space is on the main site, 4% is on the UC Berkeley campus (i.e., Donner and
Calvin laboratories), and the remaining 11% are located in various other off-site
buildings. Figure 2-4 shows the Berkeley Lab space distribution.

Figure 2-4 Space Distribution
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§2.4 C. Water Supply

All the Laboratory’s domestic water is supplied by the East Bay Municipal Utility
District (EBMUD). There are no drinking water wells on-site.

Domestic water originates in Sierra Nevada watershed lands and is transported to the
Bay Area and ultimately to Berkeley Lab through a system of lakes, aqueducts, treatment
plants, and pumping stations. EBMUD tests for contaminants and meets disinfection
standards required by the Safe Drinking Water Act. In the spring of 1998, EBMUD
converted from chlorine to chloramine as a disinfection agent throughout its supply area.
The use of chloramine enables EBMUD drinking water to meet more stringent Safe
Drinking Water Act standards for disinfection byproducts.

The water supply system is highly reliable for both domestic use and emergency
purposes. This reliability is ensured by two separate connections to EBMUD’s Shasta and
Berkeley View sources and two 760,000-liter (200,000-gallon) on-site storage tanks. All
Laboratory water is supplied by gravity feed. The entire system has sufficient capacity to
meet the flow-rate and duration requirements for fire protection.

III. ENVIRONMENTAL SETTING

§2.5 A. Meteorology

The climate of the site is a temperate one, influenced by the moderating effects of
nearby San Francisco Bay and the Pacific Ocean to the west and the ridgeline to the east
that stretches along the eastern shore of this same bay. These physical barriers contribute
significantly to the site’s relatively warm, wet winters and cool, dry summers. Figure 2-5
traces the monthly temperature average and extremes for the year, recorded at the on-site
weather station.

Figure 2-5 Temperature Summary by Month
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On-site wind patterns change little from one year to the next. The most prevalent
wind pattern occurs during fair weather, with daytime westerly winds blowing off the
Bay, followed by lighter nighttime southeasterly winds originating in the East Bay hills.
The other predominant wind pattern is associated with storm systems passing through the
region, which usually occurs during the winter months. South-to-southeast winds in
advance of each storm are followed by a shift to west or northwest winds after passage of
the system. A graphical summary of the annual wind patterns (windrose), Figure 2-6
illustrates the frequency of the two predominant wind patterns. Precipitation data are
provided in Figure 2-7, which compares 2000 monthly precipitation totals to the average
since 1974.

Figure 2-6 Annual Wind Patterns
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Figure 2-7 Precipitation Summary by Month

§2.6 B. Vegetation

In its maintenance and landscaping efforts, Berkeley Lab’s vegetation management
program reinforces native vegetation and avoids disruption of outlying natural habitats
wherever possible. Because visual screening of the Laboratory is an important commu-
nity objective, the Laboratory works to maintain and renew groves of both native and
nonnative trees that are important to this screening effect. No rare, threatened, or
endangered species of plants are present on the site. Figure 2-8 shows the vegetation
types and locations on-site.

Berkeley Lab updated and intensified its fire management efforts after the October
1991 fire in the Berkeley/Oakland Hills to the south. The Laboratory uses the natural
successional trends of existing vegetation to reduce fire risks.

Berkeley Lab also works with the Hills Emergency Forum (made up of the
neighboring cities of Berkeley and Oakland, the East Bay Regional Park District,
EBMUD, and UC Berkeley) to improve vegetation management of the urban-wildland
interface in the larger area.

§2.7 C. Wildlife

Wildlife is abundant in the area surrounding Berkeley Lab because the site is adjacent
to open spaces managed by the East Bay Regional Park District and the University of
California. Berkeley Lab’s grasses and brushlands provide cover, food, and breeding sites
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Figure 2-8 Vegetation Types

for wildlife typical of disturbed (e.g., previously grazed) areas with a Mediterranean
climate located in midlatitude California. Over 120 species of birds, mammals, and
reptiles/amphibians exist on the site. A portion of the site is within a 407,000-acre zone
designated by the U.S. Fish and Wildlife Service as a critical habitat for the Alameda
whipsnake, which has been designated as “endangered” pursuant to the Endangered
Species Act. However, no Alameda whipsnake sitings have been reported on Berkeley
Lab property. The most abundant large mammal is the Columbian blacktail deer. The
Laboratory’s tree stands offer nesting and cover sites for many resident and migratory
species of birds.

§2.8 D. Geology

Three geologic formations underlie the majority of the site:
•  The western and southern parts are underlain by upper Cretaceous marine

sediments belonging to the Great Valley Group. This group consists of siltstones
and shales.

•  The upper Miocene or lower Pliocene Orinda Formation overlies the Cretaceous
rocks and underlies most of the site. It consists of claystones, siltstones,
sandstones, and conglomerates formed from river-deposited sediments.

•  Ancient landslide deposits underlie most of the higher elevations of the
Laboratory, as well as much of the area around the Advanced Light Source.
These deposits consist primarily of rocks derived from the volcanic upper
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Miocene Moraga Formation. The Moraga Formation consists of basalt and
andesite, agglomerates, and pyroclastic tuffs.

In addition, the Miocene Claremont Formation and San Pablo Group underlie the far
easternmost area of the site. The Claremont Formation consists of chert and shale. The
San Pablo Group consists of marine sandstones.

Weathered detritus from the bedrock units has accumulated as soil deposits, generally
one to several meters thick. Because of the hilly terrain, up to tens of meters of cuts and
fills have been necessary to provide suitable building sites.

The active Hayward Fault, a branch of the San Andreas Fault System, trends
northwest-to-southeast along the base of the hills at the Laboratory’s western edge. The
inactive Wildcat Fault traverses the site north-to-south along the canyon at the
Laboratory’s eastern edge. In addition to the faulting, landsliding, paleotopography, and
tilting of the rock units underlying the site have created a complex geological structure.

During the past 20 years, the Laboratory has carried out a successful program of slope
stabilization to reduce the risk of property damage caused by potential soil movement.
This program includes construction of subhorizontal drains (hydraugers), vegetation
cover, and soil retention structures.

§2.9 E. Hydrogeology

The hydrogeology at Berkeley Lab is complex. The ancient landslide deposits
underlying the site generally consist of fractured volcanic rocks that readily allow
groundwater movement, while the sedimentary rocks generally impede groundwater
flow. The relationship between high-permeability landslide deposits and low-
permeability sedimentary rocks is complex because of landsliding and the
paleotopography. Additionally, coarse-grained strata in the sedimentary rocks may form
confined aquifers at some locations.

Groundwater flow is a concern at the Laboratory because of its potential effect on
slope stability as well as the underground movement of potential contaminants. Hydraulic
conductivity is a term used to describe the properties of rock that control the velocity of
groundwater. Hydraulic conductivity in the three major geologic formations is as follows:

•  The Great Valley Group consists primarily of low-permeability rock material,
with moderately spaced open fractures that allow for groundwater movement.
The hydraulic conductivity ranges between approximately 10–5 and 10–8 meters
per second (3.3 × 10–5 and 3.3 × 10–8 feet per second).

•  The Orinda Formation consists primarily of fine-grained sediments with closed
fractures. The hydraulic conductivity of the fined-grained sediments of this
formation ranges between approximately 10–7 to 10–12 meters per second (3.3 ×
10–7 to 3.3 × 10–12 feet per second). The Orinda Formation typically has lower
values of hydraulic conductivity than the underlying Great Valley Group or
overlying Moraga Formation and therefore impedes the horizontal and vertical
flow of groundwater.

•  The volcanic rocks in the ancient landslide deposits constitute the main
waterbearing unit at Berkeley Lab. The hydraulic conductivity within the
Moraga Formation is relatively high, generally ranging between 10–4 and 10–6
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meters per second (3.3 × 10–4 and 3.3 × 10–6 feet per second). Although this rock
material has low permeability, groundwater flows readily through the numerous
open fractures. The presence of low-permeability interbeds of fine-grained
sediments in the ancient landslide deposits, as well as zones with little fracturing,
creates perched water conditions at many locations.

The fractured bedrock underlying Berkeley Lab allows percolation that augments
groundwater. The water-table depths vary from 0 to 30 meters (98 feet) below the surface
across the site.


